1. Introduction {#s1}
===============

Coronary heart disease (CHD) is the leading cause of death worldwide. In the United States alone, 26.0% of all deaths in 2006[@b1] and 33.6% of all deaths in 2007 were attributed to heart disease.[@b2] Furthermore, 86.0% of CHD related deaths were among individuals aged 65 and older.[@b3]

When compared to their younger counterparts, elderly patients are typically at a higher risk of complications from myocardial infarction (MI) and myocardial revascularization procedures, leading to prolonged hospital stays and subsequent deconditioning.[@b4] Additionally, elderly patients are usually less fit than younger patients before the initial cardiovascular (CV) event, with accelerated deconditioning once CHD is established. Therefore, the elderly population likely represents a perfect population to especially benefit from formal cardiac rehabilitation and exercise training (CRET) programs. Over the past few decades, there has been a keen interest in the role of CRET among CHD patients. As a result, many studies have examined and, subsequently demonstrated, the beneficial role of CR, regular ET, physical activity, and maintenance of cardio- respiratory fitness (CRF) in both the primary and secondary prevention of CHD among the general population,[@b5] as well as elderly patients with CHD. Consequently, the use and safety of CRET among older patients has gradually gained acceptance over the last decade.[@b6]

Despite the evidence in favor of CRET in the elderly, this form of treatment and prevention is grossly underutilized for multiple reasons in this age group, including age, bias and poor referral.[@b7]

Over the years, many studies have demonstrated the benefits of CRET on a number of important clinical factors including exercise capacity, inflammation, diabetic glucose control, autonomic function, behavioral characteristics, quality of life, future hospitalization costs, and major CHD morbidity and mortality after a major CV event.[@b8]--[@b11] The goal of this article is to provide a detailed review of the available material involving CRET, especially pertaining to the elderly, by performing a comprehensive literature search on this topic. The information was obtained by reviewing randomized clinical trials, many large observational studies, as well as appropriate review articles and editorials. Finally, we will discuss some of the current barriers that deter CRET referrals, and participation by the elderly.

2. Benefits of CRET in the elderly {#s2}
==================================

"If I knew I was going to live this long, I would have taken better care of myself " -- Eubie Blake.

2.1. Impact on mortality {#s3}
========================

CRET is an effective intervention in reducing mortality among patients with CHD. Due to this, formal CRET programs are widely recognized as an invaluable resource. Over the last few years there have been meta-analyses, as well as retrospective evaluations, of large cohorts that have consistently demonstrated this point.

O\'Connor *et al.*[@b12] published a meta-analyses of 22 randomized trials that included 4554 post-MI patients followed for approximately three years. This study demonstrated the odds ratio (OR) was significantly lower among participants in CRET compared to the control group during the tracking period. This included total mortality (OR = 0.80, 95% confidence interval \[CI\]: 0.66∼0.96), CV mortality (OR = 0.78, 95%CI: 0.63∼0.96), and fatal re-infarction (OR = 0.75, 95%CI: 0.59∼0.95). The OR for sudden death at one year (OR = 0.63, 95%CI: 0.41∼0.97) was also significantly lower in the CRET group compared to the control group. The two and three year follow-up data trended toward a CRET benefit for sudden death, but did not reach statistical significance.

A study published in 2010 examined 30,161 elderly patients who attended at least one CRET session over a five year period.[@b10] It was found that patients who attended 36 sessions had a 14% lower risk of death (hazard ratio \[HR\] = 0.86; 95%CI: 0.77∼0.97) and a 12% lower risk of MI (HR = 0.88; 95%CI: 0.83∼0.93) than those who attended 24 or less sessions. Moreover, patients attending 36 sessions had a 22% lower risk of death (HR = 0.78; 95%CI: 0.71∼0.87) and a 23% lower risk of MI (HR = 0.77; 95%CI: 0.69∼0.87) than those who attended 12 or less sessions, and a 47% lower risk of death (HR = 0.53; 95%CI: 0.48∼0.59) and a 31% lower risk of MI (HR = 0.69; 95% CI: 0.58∼0.81) than those who attended only one session.

Another study evaluated the one to five year mortality rates of CRET users and non-users among 601,099 United States (US) Medicare beneficiaries hospitalized for CHD conditions or cardiac revascularization procedures.[@b11] Only 12.2% of the cohort, averaging 24 sessions, used CRET and showed significantly lower (*P* \< 0.001) 1 to 5-year mortality rates (21% to 34%) in users compared to non-users.

2.2. Aerobic exercise capacity {#s3a}
------------------------------

Simply put, aerobic exercise capacity is the maximum amount of physical exertion an individual can sustain. For proper assessment of exercise capacity, the patient is required to provide maximal exertion for a period of time that creates a stable effect on the circulation that is reproducible when exertion is repeated.[@b12] One of the most significant benefits of formal CRET within all participating age groups is the improvement of aerobic exercise capacity and CRF. Following participation in CRET, the patient improvement in aerobic exercise capacity validated in a higher level of fitness, irrespective of patient characteristics, afforded such a high priority which equates to improved prognosis, it is secondary to the wealth of other data.[@b13] In this context, elderly patients were found to have greater improvements in exercise capacity compared to younger patients after CRET ([Table 1](#jgc-09-01-068-t01){ref-type="table"}).[@b14]

###### Benefit of CRET programs in elderly CHD patients.

  ------------------------------------------ ---------
  Improvements in Exercise Capacity           Changes
   Estimated METs                              +34%
   Maximal oxygen consumption (peak VO~2~)     +13%
   Anabolic threshold                          +11%
  Improvements in Lipids                     
   Total cholesterol                            −1%
   HDL-C                                        +3%
   LDL-C                                        0%
   Triglycerides                                −5%
   Total cholesterol/HDL-C                      −4%
   LDL-C/HDL-C                                  −3%
  Reduction in Obesity Indices               
   Weight                                       −1%
   % Body fat                                   −6%
   Body mass index                              −1%
  Improvements in Blood Rheology             
   Reduction in homocysteine levels             \*
   Improvement in viscosity                     \*
  Major Morbidity and Mortality              
   Reduction in overall mortality               \*
   Reduction in congestive heart failure        \*
   Reduction in hospital costs                  \*
   Reduction in non-fatal MI                    \*
  Improvement in Psychological Factors       
   Depression score                           −12.6%
   Anxiety score                               −4.3%
   Hostility score                             −2.3%
  ------------------------------------------ ---------

CRET: Cardiac rehabilitation and exercise training; CHD: Coronary heart disease; METs: Metabolic equivalent of task; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol; QoL: Quality of life. Adapted from Lavie *et al*[@b7] and Lavie CJ & Milani RV.[@b27]

One of the earliest studies on exercise training in an elderly CHD cohort was published in 1985 by Williams *et al*.[@b15] The goal was to study any potential benefits that early exercise programs may have on elderly CHD patients. All patients participated in a 12-week exercise program within six weeks of acute MI or coronary artery bypass grafting (CABG). The study showed that elderly patients exhibited significant changes in maximal heart rate (126 to 138 beats/min), maximal metabolic equivalents (METs) (5.3 to 8.1), as well as other parameters. Furthermore, among the 25 elderly patients receiving a beta-blocking agent, peak METs increased from 5.1 to 7.8 (*P* \< 0.05). In the remaining 51 elderly patients not receiving a beta-blocking agent, peak METs increased from 5.4 to 8.2 (*P* \< 0.05). It should be noted that the magnitude of increase in peak METs was not significantly different according to beta-blocker use.

A 1993 study[@b16] documenting CRET benefits was comprised of 92 patients \> 65 years and 182 patients \< 65 years who were enrolled in phase II CRET after a major CHD event. At baseline, estimated peak METs (5.6 ± 1.6 *vs.* 7.7 ± 3.0, *P* \< 0.0001) was lower in elderly patients. After CRET, the older patients showed significant improvements in peak METs (5.6 ± 1.6 *vs.* 7.5 ± 2.3, *P* \< 0.0001). Moreover, improvements in functional capacity, percent body fat and body mass index, as well as lipids, were statistically similar in the older and younger patients. These results highlight the importance of referring all eligible patients to CRET irrespective of age.

In an age related study, Lavie and Milani[@b17] evaluated 125 younger ( \< 55 years) and 57 elderly CHD patients ( \> 70 years) in an effort to determine the impact of formal Phase II CRET programs (supervised ambulatory outpatient programs spanning 3--6 months) on cardiopulmonary variables and QoL. Before initiation of CRET, elderly patients were found to have a lower estimated aerobic exercise capacity (≥ 27%; *P* \< 0.001), peak oxygen consumption (VO~2~) (≥ 19%; *P* \< 0.01), and anaerobic threshold (−10%; *P* \< 0.05), as well as total function scores (≥ 11%; *P* \< 0.01) and a trend toward total QoL scores (≥ 5%; *P* = 0.06). Following CRET, the elderly patients were found to have significant improvements in estimated aerobic exercise capacity (+32%; *P* \< 0.0001), peak VO~2~ (+13%; *P* \< 0.0001), anaerobic threshold (+11%; *P* = 0.03), total function scores (+27%; *P* \< 0.0001), and total QoL scores (+20%; *P* \< 0.0001). Although younger patients showed greater improvements in estimated aerobic exercise capacity (+44% *vs.* +32%; *P* = 0.08) and peak VO~2~ (+18% *vs.* +13%; *P* \< 0.01), the elderly had statistically greater improvements in both function scores (+27% *vs.* +20%; *P* = 0.02), as well as total QoL scores (+20% *vs.* +14%; *P* = 0.03).

Another study by McConnell *et al.*[@b18] evaluated 581 CRET patients of various age groups (40s, 50s, 60s, and 70s) and gender (125 females; 456 males) and examined trends with regards to peak exercise capacity, body composition, and lipids. Although peak exercise capacity decreased with increasing age, the percentage improvement attributed to CRET was similar across all the age groups. Women were found to have lower peak exercise capacities when compared to men, but showed similar relative improvements (26.6% and 28.8%, respectively) after CRET. The study concluded CRET showed favorable outcomes with respect to peak exercise capacity and CRF, body composition, and lipids, across each age group regardless of gender.

Over the last decade, it has been shown that there is a discrepancy and overestimation of CRF when assessing exercise capacity using estimated METs when compared to precise measurement of functional capacity using peak VO~2~.[@b19] However, despite this discrepancy between estimated METs and measured peak VO~2~, studies have shown that both measurements of CRF robustly predict prognosis among patients.[@b20],[@b21]

2.3. Psychological risk factors {#s3b}
-------------------------------

It is becoming increasingly evident that psychological risk factors and CHD are intertwined more closely than initially suspected five decades ago.[@b22] Depression has been shown to be independently associated with CV morbidity and mortality.[@b23] Although the roles of anxiety and hostility on CHD are less clear, there is substantial evidence to suggest these risk factors negatively impact CV health.[@b24]

Ariyo *et al.*[@b25] showed a significant association between depression and CHD in the elderly. The authors of the study examined 4493 Americans ≥ 65 years of age over a six year period for the development of CHD and mortality. The effect of depression was assessed by a modified version of the Depression Scale of the Center for Epidemiological Studies. This 10-item scale recorded participants\' depression scores as a continuous measure from 0 to 30. It determined the unadjusted HR for the development of CHD was 1.2 (*P* = 0.006) for every 5-unit increase in mean depression score; the HR for all-cause mortality was 1.3 (*P* \< 0.0001).

A study published in 2004 by Lavie *et al.*[@b26] examined the prevalence of high hostility symptoms in elderly patients compared to younger patients, as well as the effect of formal CRET programs among these individuals. The study included 500 consecutive patients following CHD events to determine the impact of aging on hostility scores, prevalence of hostility symptoms, and the impact of CRET on elderly patients with hostility. It was found that higher hostility scores and the prevalence of hostility symptoms were inversely related to age (*P* \< 0.01). Elderly person with hostility symptoms had a greater body weight (*P* = 0.02), four times higher anxiety and depression scores (*P* \< 0.0001), two times higher scores for somatization (*P* \< 0.0001), and 17% lower scores for QoL (*P* \< 0.001) compared with elderly persons without hostility symptoms. The study demonstrated marked reduction in hostility following CR. Furthermore, the authors showed that although hostility symptoms are relatively uncommon in elderly persons with CHD, these patients have a worse CHD risk profiles and have marked improvements following CRET programs.

Lavie and Milani[@b27] evaluated 104 younger CHD patients (age \< 55 years) and compared this group with a group of 260 older CHD patients (age \> 70 years). After formal CRET, the prevalence of anxiety fell by 61% in the younger patients and by 32% in the older patients, suggesting CRET has a significant effect on anxiety reduction.

In addition to the benefits on CV health, CRET has been shown to have positive effects on psychological stress, including a significant reduction in mortality related to depression, as well as other psychological risk factors,[@b28],[@b29] ([Figure 1](#jgc-09-01-068-g001){ref-type="fig"}).

![Prevalence of psychological risk factors in elderly coronary heart disease (CHD) patients before and after cardiac rehabilitation and exercise therapy (CRET). (*n* = 260, mean age 75 ± 3 years). Adapted from Lavie CJ & Milani RV.[@b27]](jgc-09-01-068-g001){#jgc-09-01-068-g001}

2.4. Inflammation {#s3c}
-----------------

There is strong evidence linking inflammation, particularly elevated levels of C-reactive protein (CRP), to atherosclerotic vascular events and CHD.[@b30] Although other inflammation markers, such as myeloperoxidase, pentraxin-3, interleukin-6, and metalloproteinase-9, may also have a role in the development of CHD events, CRP is the most clinically applicable indicator, due to its chemical stability, relatively long half-life, lack of significant precautions required for sampling, lack of diurnal variation, and substantial clinical evidence.[@b31]

In addition to the role of CRP as a marker of CV risk, studies have shown that high CRP levels may be a focus (signal) for intervention. In the Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 trial (PROVE-IT 22),[@b32] the study demonstrated that regardless of low-density lipoprotein cholesterol (LDL-C) levels, patients who have low CRP levels after statin therapy have better clinical outcomes than those with higher CRP levels.

In 2008, the Justification for Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER)[@b33] demonstrated that individuals with normal LDL-C levels, but elevated CRP levels, have a increased incidence of CV events.

In addition to pharmacologic management of elevated CRP levels, non-pharmacologic approaches, such as weight loss[@b34] and CRET, have also been shown to be therapeutic. A study by Milani *et al.*[@b35] assessed the effects of three months of CRET programs on high-sensitivity CRP levels in CHD patients. Among the 277 patients assessed, 235 (mean age 67 ± 11) completed CRET while 42 control patients who did not attend CRET. After CRET, the mean (5.9 ± 7.7 mg/L to 3.8 ± 5.8 mg/L; −36%; *P* \< 0.0001) and median levels of high sensitivity CRP (−41%; *P* = 0.002) decreased significantly among patients in the CRET group. This improvement was not seen in the control population. Rehabilitation patients experienced similar significant reductions in high sensitivity CRP regardless of whether they received statin therapy or experienced weight loss.

Another study examined CRP levels in 172 patients with CHD who participated in a CRET program.[@b36] Patients who participated in CRET demonstrated significant improvements in CRP (−3.1, *P* = 0.003). These improvements in CRP did not differ significantly based on age, or the presence of metabolic syndrome (MS).

In conclusion, increased inflammation, typically depicted by CRP, appears to be a strong indicator of CV health and the risk for adverse events. Pharmacologic approaches have convincingly demonstrated the value of reducing inflammation on prognosis. CRET has also been shown to significantly improve inflammation and may be one of several key mechanisms through which a significant risk reduction is realized following participation in this lifestyle intervention.

2.5. Obesity {#s3d}
------------

Obesity and a metabolic syndrome (MS) currently represent an epidemic in the US.[@b37] Over time, numerous studies have demonstrated that these individuals are more likely to be predisposed to hypertension (HTN), insulin resistance, dyslipidemia, heart failure (HF), obstructive sleep apnea, in addition to other medical conditions.

Before discussing the beneficial effects of formal CRET on obesity indices as well as MS among the elderly, the "obesity paradox" should be mentioned. The obesity paradox is the counterintuitive observation in which obese patients with CHD or HF have better prognosis than leaner patients.[@b38],[@b39] Others have demonstrated the relative safety and efficacy of intentional weight loss among obese patients with CHD.[@b40] Among elderly patients, this paradoxical effect has been observed even among those without CV disease,[@b41] with certain exceptions, such as elderly patients with abnormal left ventricular geometry and preserved systolic function.[@b42] At present, there is currently a lack of evidence regarding the beneficial effects of weight loss programs among the elderly. Nonetheless, studies have shown that formal CRET programs have significant benefits on obesity indices among the general population,[@b43] as well as elderly.[@b44]--[@b46] It should be noted there is little evidence pertaining to safety and efficacy of weight loss programs among the elderly. Regardless, it is very probable that intentional weight loss in a controlled setting with proper diet control and ET is beneficial among elderly obese patients, despite the obesity paradox. Further studies are needed to clarify this issue.

3. Under-utilization of CRET in the elderly {#s4}
===========================================

Despite the beneficial effects of formal CRET programs as described above, there is considerable evidence to suggest that the participation rates among many eligible patients is far less than ideal. The reasons behind this are many and can be appreciated on multiple levels beginning with the patient and involving other factors, such as poor referral and encouragement by physicians, inconvenience, and a lack of importance placed on preventative medicine.

Suaya *et al.*[@b45] evaluated outpatient CRET usage after post-hospitalization for acute MI or CABG surgery on a total of 267,427 patients aged ≥ 65 year old who survived for a minimum of 30 days after discharge. They found CRET was utilized in 13.9% of the patients who were hospitalized for acute MI and 31.0% of the patients after CABG surgery. They found that the older individuals, women, nonwhites, and patients with co-morbidities (including HF, previous stroke, diabetes mellitus, or cancer) were significantly less likely to receive CRET. In general, women were less likely to attend CRET than men,[@b46] a finding consistent among older women as well. This is almost certainly due to the fact that older female coronary patients were less likely to be referred for CRET, despite an overall clinical profile similar to other patients with higher referral rates.[@b47] In addition to poor participation by women, persons over the age of 65,[@b48] minorities,[@b49] lower socio- economic status,[@b50] and the unemployed[@b51] have all been associated with lower CRET participation rates.

Another factor that affects participation in CRET programs involves physician referral and encouragement. A study of 226 patients with a mean age of 70.4 ± 6 years showed the overall CRET enrollment rate in this cohort was only 21%.[@b52] More importantly, multivariate analysis showed the strength of the endorsement of the primary physician was the most powerful predictor of CRET participation.

It has also been demonstrated that the type of provider that refers the patient to CRET also plays a strong role in participation and attendance. Patients cared for by a cardiologist or cardiac surgeon are more likely to participate in CRET compared to those under the care of a primary care physician.[@b53]

Finally, the patient must be willing to participate in CRET programs. It is very likely that in our society, patients may not place as much value on preventative measures. Over the last few decades, there has been a decrease in physical activity[@b54] with a concomitant rise in overweight and obese[@b55] patients. This culture of physical inactivity, particularly with reference to CRET participation, has been attributed to such factors as inconvenience,[@b56] lack of understanding of the disease process,[@b57] lack of transportation,[@b58] responsibilities at home,[@b59] as well as numerous other factors.

4. Safety of CRET in the elderly {#s5}
================================

One of the potential concerns that adversely impact referral is the perceived safety of CRET, especially among elderly patients. Van Camp *et al.*[@b60] sought to determine the incidence of major CV complications in outpatient CRET settings. They obtained data from 167 randomly selected CRET programs that included 51,303 patients who had exercised 2,351,916 hours from January 1980 through December 1984. Over the four-year period, they observed 21 cardiac arrests (18 in which the patient was successfully resuscitated and three fatal) and 8 non-fatal MI\'s and incidence rates per 1,000,000 patient hours of exercise were 8.9 for cardiac arrests, 3.4 for MI\'s, and 1.3 for fatalities. These data showed the risk of CV complications, although present, was extremely low. Studies completed by co- authors of this paper have also shown no occurrence of significant CV events among elderly patients during CRET.[@b17],[@b19],[@b20],[@b29],[@b47] Unfortunately, there are no large studies that have evaluated the overall safety of CRET programs among the elderly. Even so, there is no reason or rationale to suspect an increased risk of adverse events in properly screened and supervised elderly patients participating in CRET.

5. Clinical implications {#s6}
========================

\(1\) Elderly CHD patients should be referred for CRET with proper explanation of their disease process and achievable benefits from formal CRET programs.

\(2\) Elderly CHD patients should be repeatedly encouraged to participate in CRET programs due to the demonstrated benefit and relatively low risk.

\(3\) Elderly CHD patients who do not participate in CRET programs should still be encouraged to exercise for at least 30 min on most days, preferably at least 45 min 4∼5 times weekly.[@b7]

\(4\) The patient should be referred to CRET programs with a proper prescription that describes the mode of ET, duration, intensity and frequency.[@b5],[@b8]

6. Conclusion {#s7}
=============

CHD is a major cause of morbidity and mortality among elderly patients. Over the last few decades, there has been increased interest in the role CRET programs, among patients of all ages. The beneficial effects of these programs on mortality, exercise capacity, psychological risk factors, inflammation, and obesity documented in younger cohorts is also consistent among elderly patients. However, elderly patients are universally underrepresented in CRET programs for various reasons. Due to the evidence-based benefits obtained from CRET, physicians should place more attention on referring and encouraging elderly patients to participate and attend these programs. One of the major limitations of this review arises from the fact that a large amount of the available information comes from observational studies of attendees versus non-attendees. The fact that these studies lack randomization creates a selection bias with regards to those are able to attend versus those that are unable to do so. It would be unethical to randomize patients into either group since CRET is currently considered standard of care.
